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
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)LJXUH±+RXUO\ORDGVSURILOHVGHSHQGLQJRQWKHVHDVRQ
7KH KLJKHVW FRROLQJ ORDGV DUH UHJLVWHUHG GXULQJ VXPPHU ZKHUHDV LQ WKH PLGVHDVRQ WKH\ DUH VPDOOHU DQG WKH\
GLVDSSHDULQWKHZLQWHUVHDVRQ&RQYHUVHO\WKHHOHFWULFORDGLVFRQVWDQWWKURXJKRXWWKH\HDUDQGWKHWKHUPDOORDGKDV
LWVSHDNGXULQJZLQWHUEXWLWLVVWLOOSUHVHQWGXULQJVXPPHU7ZRSODQWVDUHLPDJLQHGIRUWKHFDVHVWXG\DVRODUWKHUPDO
FRROLQJV\VWHPZLWKDEVRUSWLRQFKLOOHUDQGDVRODUHOHFWULFFRROLQJV\VWHPZLWKSKRWRYROWDLFSDQHOVDQGFRPSUHVVLRQ
FKLOOHU
2.1. Solar thermal cooling plant 
7KHWUDGLWLRQDOUHIULJHUDWLRQV\VWHPLVDVVXPHGWREHWKHRQHDOUHDG\LQVWDOOHGLQVLGHWKHEXLOGLQJWKHUHIRUHLWZLOOQRW
EHWDNHQLQWRWKHHFRQRPLFDQDO\VLV
$FFRUGLQJWR6.DORJLURX>@RQHRIWKHEHVWWHFKQRORJLHVIRUVRODUWKHUPDOFRROLQJDUHDEVRUSWLRQF\FOHVFRXSOHG
 F. Esposito et al. /  Energy Procedia  81 ( 2015 )  1160 – 1170 1163

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&23WKHGRXEOH
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DSSURSULDWHUDQJHRIRSHUDWLRQWHPSHUDWXUHVLVSUHIHUUHGLQWKLVFDVHIRUWKHDSSOLFDWLRQLQDPHGLFDOFDUHEXLOGLQJ
'RXEOHHIIHFWDEVRUSWLRQF\FOHVUHTXLUHKLJKHUWHPSHUDWXUHFRPSDUHGWRWKHVLQJOHHIIHFWRQHVW\SLFDOO\ZHOODERYH
&7KLVOHDGVWRWZRLPSRUWDQWGHVLJQFKRLFHV>@
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• 7KHLGHDOVRODUFROOHFWRUIRUKLJKWHPSHUDWXUHVLVWKHSDUDEROLFWURXJKFROOHFWRU37&ZLWKHYDFXDWHGWXEHV
• 7KHIOXLGVHOHFWHGIRUWKLVDSSOLFDWLRQLVWKHGLDWKHUPLFRLO7+(50,12/93>@IHDWXUHGDVVKRZQLQ
7DEOHE\DERLOLQJWHPSHUDWXUHFRPSDWLEOHZLWKWKHWHPSHUDWXUHVUHDFKHGLQVLGHSDUDEROLFVRODUFROOHFWRUV
LQFRPPRQDSSOLFDWLRQLH±&
7DEOH7+(50,12/93VSHFLILFDWLRQV
7+(50,12/93 9DOXH 8QLW
'HQVLW\DW&  NJP
1RUPDOERLOLQJSRLQW  &
2SWLPXPXVHUDQJHOLTXLG  &
YDSRU  &
/LTXLGKHDWFDSDFLW\&  N-NJ.

7KHEDVLFOD\RXWRIWKHSODQWLVLOOXVWUDWHGLQ)LJXUHDLWLVDW\SLFDOOD\RXWIRUWKLVNLQGRIDSSOLFDWLRQVDVLWFDQEH
IRXQG LQ($&DUQHYDOHHWDO >@7KHKHDWHG IOXLGFRPLQJ IURP WKHFROOHFWRUVJDWKHUV LQVLGHD WKHUPDO VWRUDJH
FRQQHFWHGWRWKHDEVRUEHU7KHVL]HRIWKHVWRUDJHLVFRQVWUDLQHGWRDPD[LPXPYDOXHRIP


)LJXUH±6LPSOLILHGOD\RXWVIRUVRODUWKHUPDOFRROLQJVROXWLRQDDQGVRODUHOHFWULFFRROLQJVROXWLRQE
2.2. Solar electric cooling plant 
7KHVROXWLRQDGRSWHGWRVDWLVI\WKHFRROLQJORDGE\PHDQVRIVRODUUDGLDWLRQLVD3KRWR9ROWDLF39V\VWHPFRXSOHG
ZLWKDFRPSUHVVLRQFKLOOHU7KHV\VWHPLVFRQVLGHUHGJULGFRQQHFWHGWKHVRODUFHOOVW\SHFKRVHQIRUWKLVDSSOLFDWLRQ
DUHWKHSRO\FU\VWDOOLQH6LOLFRQRQHVFKRVHQIRUWKHLUORZHUVSHFLILFFRVW$VLPSOLILHGOD\RXWRIWKHSODQWLVGHSLFWHG
LQ)LJXUHE,QWKHSODQWWKHUHLVQRHOHFWULFHQHUJ\VWRUDJHEHFDXVHLI WKHHOHFWULFHQHUJ\LVKLJKHUWKDQWKHORDG
UHTXHVWVLWFDQEHH[FKDQJHGZLWKJULG,QWKHSUHVHQWFDVHVWXG\WKHHQHUJ\FDQEHDVVXPHGWREHFRPSOHWHO\XVHG
ORFDOO\FRQVLGHULQJWKDWWKHVXPRIHOHFWULFLW\UHTXLUHGIRUFRROLQJDQGWKHHOHFWULFORDGLWVHOILVDOZD\VKLJKHQRXJK
7KHPRGXOHVDUHLQVWDOOHGZLWKRXWDWUDFNLQJV\VWHPZLWKWKHVXJJHVWHG>@WLOWDQJOHIRUWKHODWLWXGHRIWKHORFDWLRQ
RIWKHDQDO\VLVDQGQXOOD]LPXWKIDFLQJ6RXWK7KHVRODUSDQHOVDUHSODFHGLQVWULQJVRIVXLWDEOHOHQJWKWRZRUN
ZLWKWKHVHOHFWHGLQYHUWHUVVHH7DEOHIRUGHWDLOV7KHWHFKQLFDOVROXWLRQDGRSWHGLVIHDWXUHGE\PXOWLSOHVWULQJV
FRQQHFWHGWRPXOWLSOHLQYHUWHUVWKLVVROXWLRQDOORZVWRDYRLGLQSDUWWKHVKDGLQJLVVXHV7KHVRODUWKHUPDOSODQWZDV
DVVXPHGWRZRUNRQO\GXULQJWKHPRQWKVZKHQWKHUHLVDFRROLQJORDGRQWKHFRQWUDU\WKLVW\SHRISODQWSURGXFHV
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HQHUJ\GXULQJWKHZKROH\HDU7KHVL]LQJRIWKHV\VWHPZDVFDUULHGRXWDFFRUGLQJWRWKHNQRZQEHVWSUDFWLFHV7KH
VRODUUDGLDWLRQGDWDIRUWKHVL]LQJRIWKHV\VWHPFRQVLGHUUHDOVN\FRQGLWLRQV

7DEOH6RODUSKRWRYROWDLFSDQHODQGLQYHUWHUVSHFLILFDWLRQV
6&+h&239SDQHO 9DOXH 8QLW 32:(521(LQYHUWHUVSHFLILFDWLRQ 9DOXH 8QLW
(IILFLHQF\   3HDN3RZHU  N:
6LQJOHPRGXOHUDWHGSRZHU  : 0D[LPXP9ROWDJHDGPLWWHG  9
2SHQFLUFXLWWHQVLRQ  9 0337LQWHUYDO  9
2SHQFLUFXLWFXUUHQW  $ 1XPEHURILQGHSHQGHQW0337  
5DWHGWHQVLRQ  9 0D[LPXPQXPEHURIVWULQJVSHU0337  
5DWHGFXUUHQW  $ 0D[LPXPFXUUHQWSHU0337  $
0D[LPXPWHQVLRQDGPLWWHG  9   
7HQVLRQYDULDWLRQZLWKWHPSHUDWXUH  &   

6\VWHPVL]LQJDQGPRGHOOLQJ
,QFRQWUDVWWRZKDWLWLVXVXDOO\IRXQGLQWKHOLWHUDWXUH>@WKHVL]LQJRIWKHV\VWHPFDQQRWEHGRQHFRQVLGHULQJWKH
PD[LPXPFRROLQJSRZHUUHTXHVWHG7KHVL]HRIWKHGLIIHUHQWFRPSRQHQWVRIWKHSODQWLVGHWHUPLQHGE\PHDQVRID
PRGHOZKLFKDOORZVRQHWRVLPXODWHWKHHQHUJHWLFEHKDYLRURIWKHV\VWHP)RUWKHVL]LQJRIWKHSODQWWKHKHDWJDWKHUHG
IURPWKHVRODUUDGLDWLRQLVFRQVLGHUHGWREHXVHGRQO\WRVDWLVI\WKHFRROLQJORDG

)LJXUH'XUDWLRQFXUYHRIWKHFRROLQJORDGVGXULQJWKH\HDUD±$EVRUSWLRQFKLOOHU&23DWGLIIHUHQWRSHUDWLQJFRQGLWLRQVE
7DEOH±%52$'%+'RXEOHHIIHFW/L%U±+2DEVRUSWLRQFKLOOHUVSHFLILFDWLRQV
 9DOXH 8QLW  9DOXH 8QLW
5DWHG3RZHU  N: &RROHGZDWHULQOHWWHPSHUDWXUH  &
5DWHG&23   &RROHGZDWHURXWOHWWHPSHUDWXUH  &
&RROLQJZDWHUYROXPHWULFIORZ  PK :RUNLQJIOXLGLQOHWWHPSHUDWXUHLQWKHJHQHUDWRU  &
&RROLQJZDWHULQOHWWHPSHUDWXUH  & :RUNLQJIOXLGYROXPHWULFIORZ  PK
&RROLQJZDWHURXWOHWWHPSHUDWXUH  & &RROHGZDWHUIORZPRGXODWLRQUDQJH  
&RROHGZDWHUYROXPHWULFIORZ  PK   
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

7KH GXUDWLRQ FXUYH 	 ͵D LV DVVHPEOHGZLWK WKH K\SRWKHVLV WKDW WKH FRROLQJ ORDG GHVFULEHG E\ WKH SURILOH
LOOXVWUDWHGLQ	ͳLVFRQVWDQWGXULQJHDFKKRXUDQGWKDWWKHDYHUDJHGD\RIWKHVHDVRQFDQEHUHSHDWHGGXULQJWKH
VHDVRQWKLVVLPSOLILFDWLRQLVQRWGHWULPHQWDOIRUWKHVL]LQJSURFHVVRIWKHV\VWHP7KHILUVWFRPSRQHQWVL]HGE\PHDQV
RIWKHGXUDWLRQFXUYHLVWKHDEVRUSWLRQFKLOOHUWKHFULWHULRQIROORZHGLVWKHPD[LPL]DWLRQRIWKHFRROLQJHQHUJ\VXSSOLHG
E\VRODUUDGLDWLRQ7KHDEVRUSWLRQFKLOOHULVDVVXPHGWRZRUNDWFRQVWDQWORDGGXULQJHDFKKRXUDQGWKHPLQLPXPORDG
LWFDQVXSSO\LVHTXDOWRRILWVQRPLQDOSRZHUDVLWFRXOGEHIRXQGLQ>@,WLVVXSSRVHGWKDWWKHDPRXQWRI
HQHUJ\WKDWWKHDEVRUEHUPXVWVXSSO\WRWKHV\VWHPLVWKHFRROLQJORDGUHTXHVWLWVHOIQRWKHUPDOORVVHVRQWKHFROG
ORRS)URPWKHVL]LQJPHWKRGMXVWGHVFULEHGWKHLGHDOPDFKLQHIRUWKHSUHVHQWDSSOLFDWLRQKDSSHQVWREHWKH%52$'
%+ZKRVHVSHFVDUHUHSRUWHGLQ7DEOH
7KHVL]LQJRIWKHVRODUILHOGLVGRQHDLPLQJWRVXSSO\WRWKHDEVRUEHUDOOWKHHQHUJ\LWUHTXLUHVDQGDWWKHVDPHWLPH
OLPLWLQJWKHWKHUPDOHQHUJ\XQH[SORLWDWLRQ7KHHQHUJ\WKDWPXVWEHVXSSOLHGWRWKHDEVRUSWLRQFKLOOHULVFDOFXODWHG
E\PHDQVRIWKH&23RIWKHPDFKLQHRIFKRLFHZKLFKFDQEHFRQVLGHUHGDVDFRQVWDQWVHH)LJXUHE

thermal
cool
absorer E
ECOP =   

7KHFRXSOLQJEHWZHHQWKHVRODUILHOGDQGWKHDEVRUSWLRQFKLOOHULVJUDQWHGDWOHDVWLQSDUWE\WKHVWRUDJHV\VWHPWKDW
DFWVDVLQWHUIDFHEHWZHHQWKHWZRFRPSRQHQWV:KHQWKHVWRUDJHLVIXOOWKHVRODUUDGLDWLRQJDWKHUHGE\WKHVRODUILHOG
PXVWEHOLPLWHGWRWKHDPRXQWWKDWWKHDEVRUSWLRQFKLOOHUFDQDFWXDOO\XVHGHIRFXVLQJSDUWRIWKHVRODUFROOHFWRUVDOORZV
WKHV\VWHPWRRSHUDWHLQWKLVGLUHFWLRQ%HFDXVHRIWKHOLPLWVRIWKHVWRUDJHVL]HWKHDFWXDOFRROLQJORDGVXSSOLHGE\
WKHDEVRUSWLRQFKLOOHULVORZHUWKDQWKHDPRXQWFDOFXODWHGE\PHDQVRIWKHGXUDWLRQFXUYH7KHVL]LQJRIWKHVRODUILHOG
WKDWZRXOGPD[LPL]HWKHFRROLQJORDGIUDFWLRQFRYHUHGE\WKHVRODUUDGLDWLRQLVFDUULHGRXWFRXSOLQJWKHORDGGXUDWLRQ
FXUYHVFDOHGE\WKH&23VRWREHFRPSDUHGZLWKWKHUPDOHQHUJ\ZLWKWKHHQHUJ\HIIHFWLYHO\VXSSOLHGWRWKHDEVRUSWLRQ
FKLOOHUGXULQJWKH\HDUE\WKHV\VWHPFRPSRVHGE\WKHVRODUFROOHFWRUVDQGWKHWKHUPDOVWRUDJH7KHWKHUPDOHQHUJ\
WUDQVIHUUHGE\WKHVRODUFROOHFWRUVWRWKHGLDWKHUPLFRLOLVFDOFXODWHGEDVHGRQWKHVRODUHQHUJ\DYDLODEOHLQWKHVLWH
FRQVLGHUHGIRUWKHSODQWLQVWDOODWLRQ7KHGDWDUHJDUGLQJWKHVRODUUDGLDWLRQKLWWLQJDXQLWDU\VXUIDFHRQDVLQJOHFROOHFWRU
DUHDFTXLUHGIURPWKHZHEDSSOLFDWLRQRI WKH(839*,6>@7KHVRIWZDUHJLYHV WKHDYHUDJHYDOXHRI WKHGLUHFW
QRUPDOLUUDGLDWLRQ'1,GXULQJHDFKWLPHLQWHUYDORIPLQXWHV7KHGDWDLVFDOFXODWHGDVWKHDYHUDJHRIWKHYDOXHV
GXULQJRQHPRQWKDOZD\VFRQVLGHULQJUHDOVN\FRQGLWLRQV
,WFDQEHDVVXPHGWKDWWKHVXUIDFHFRQVLGHUHGE\WKH39*,6VRIWZDUHLVHTXDOWRWKHH[SRVHGVXUIDFH³DSHUWXUH´RIWKH
FROOHFWRU7KLVK\SRWKHVLV IUHHV WKHHYDOXDWLRQRI WKH VRODUHQHUJ\JDWKHUHG IURPHUURUVEHFDXVH IRUZKDWHYHU WKH
FROOHFWRUVKDSHLVWKHVXQUD\VFURVVWKHH[SRVHGVXUIDFH
7KHOLQHDUSDUDEROLFFRQFHQWUDWRUVFDQRQO\H[SORLWWKHGLUHFWIUDFWLRQRIWKHLQFLGHQWVRODUUDGLDWLRQWKHUHIRUHWKH\
DUHXVXDOO\DVVHPEOHGDORQJZLWKD6XQWUDFNLQJV\VWHP7KHYDULDWLRQRIWKHDQJOHEHWZHHQWKHQRUPDOD[LVRIWKH
H[SRVHG VXUIDFH DQG WKH JURXQG DOORZV WKH V\VWHP WR UHGXFH WKH LQFLGHQFH RI WKH VXQUD\V RQ WKH VXUIDFH RI WKH
FRQFHQWUDWRU,QWKHSUHVHQWFDVHWKHVRODUFRQFHQWUDWRUDUHSURYLGHGZLWKDVLQJOHD[LVWUDFNLQJV\VWHPZKLFKURWDWHV
WKHFROOHFWRUDURXQGDQD[LVSDUDOOHOWRWKHJURXQGDQGFURVVLQJWKHIRFDOSRLQWRIWKHSDUDEROD7KHRULHQWDWLRQRIWKH
D[LVGHSHQGVRQWKHHQHUJ\UHTXHVW)RUWKHKRVSLWDOWDNHQLQWRDFFRXQWLQWKLVSDSHUWKHEHVWVROXWLRQLVWRDOLJQWKH
D[LVRIURWDWLRQZLWKWKHGLUHFWLRQ1RUWK6RXWKWKHWUDFNLQJV\VWHPLVWKHUHIRUHDGDLO\RQH7KHGLUHFWUDGLDWLRQRQ
WKHFROOHFWRULVGHWHUPLQHGFDOFXODWLQJWKHLQFLGHQFHDQJOHRQWKHFROOHFWRUDQGWKHFRPSRQHQWRIWKH'1,QRUPDOWR
LWVDSHUWXUHVXUIDFH
7KH37&HIILFLHQF\YDOXHYDULHVGXULQJHDFKKRXU$ILUVWDWWHPSWRIVL]LQJLVFDUULHGRXWLQWURGXFLQJDIHZK\SRWKHVLV
WRFDOFXODWH WKHHIILFLHQF\YDOXHHYROXWLRQGXULQJWKHDYHUDJHGD\RIHDFKPRQWKDQGWKXVGHWHUPLQLQJWKHHQHUJ\
WUDQVIHUUHGWRWKHIOXLG,WLVVXSSRVHGWKDWWKHLQOHWDQGRXWOHWWHPSHUDWXUHVRIWKHGLDWKHUPLFRLOVLQHDFKVLQJOHPRGXOH
UHPDLQFRQVWDQWZLWKWKHYDULDWLRQRIWKHVRODUUDGLDWLRQGXULQJWKHGD\7KLVLVUHDVRQDEOHFRQVLGHULQJWKHIROORZLQJV

• 7KHWKHUPDOIOXLGLVSXPSHGZLWKYDULDEOHIORZUDWHLQVLGHWKHFLUFXLW
• 7KH KHDW WUDQVIHU EHWZHHQ WKH IORZ DQG WKH DEVRUSWLRQ FKLOOHU LV FRPSOHWH ZLWK QR ORVVHV WRZDUGV WKH
HQYLURQPHQW
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
• 7KH ORRSV LQVLGH WKHVRODUFROOHFWRUVDQG WKHDEVRUSWLRQFKLOOHUVDUHDGLDEDWLFHYHU\ZKHUHEXWZKHUH WKH\
DFWXDOO\JDWKHUWKHHQHUJ\IURPWKHVXQ
7KHUHIRUHWKHGLDWKHUPLFRLODWWKHLQOHWRIWKHVRODUFRQFHQWUDWRUKDVWKHVDPHWHPSHUDWXUHLWUHJLVWHUHGDWWKHRXWOHW
RIWKHDEVRUSWLRQFKLOOHUFRQFHQWUDWRU,QRUGHUWRVWRUHPRUHHQHUJ\LQVLGHWKHVDPHYROXPHRIWKHWKHUPDOVWRUDJHLW
LVUHTXLUHGWKDWWKHIOXLGUHDFKHVLQVLGHWKHFRQFHQWUDWRUVDKLJKHUWHPSHUDWXUHWKDQWKHRQHUHTXLUHGE\WKHDEVRUSWLRQ
FKLOOHUWRRSHUDWHLQLGHDOFRQGLWLRQV&RQYHUVHO\WKHPD[LPXPWHPSHUDWXUHUHDFKHGE\WKHGLDWKHUPLFRLOVKRXOGQRW
EHWRRKLJKLQRUGHUWRDYRLGOHDNVLQWKHWKHUPDOVWRUDJHDQGORZHIILFLHQFLHVRIWKH37&V)RUWKHVHUHDVRQVWKH
VL]LQJRIWKHVRODUILHOGFRQVLGHUVDWHPSHUDWXUHLQFUHDVHRIWKHIOXLGIURPWKHLQOHWWRWKHRXWOHWRIHDFKVWULQJRI&
,Q7DEOHDUHUHSRUWHGWKHVSHFLILFDWLRQVRIWKHVRODUFRQFHQWUDWRUVSURGXFHGE\62/,7(07KHWRWDOVXUIDFHRIWKH
VRODUILHOGFDQEHFDOFXODWHGPDWFKLQJWKHWKHUPDOHQHUJ\SURYLGHGE\WKHVRODUFRQFHQWUDWRUVDQGWKHWKHUPDOVWRUDJH
ZLWK WKHRQH UHTXLUHGE\ WKHDEVRUSWLRQFKLOOHU7KHPRGHO DVVXPHV WKDW WKHDEVRUSWLRQFKLOOHURSHUDWHV LQ VWHDG\
FRQGLWLRQGXULQJHDFKKRXU7KHHQHUJ\WUDQVIHUUHGWRWKHIOXLGE\HDFKPRGXOHLVFRQVLGHUHGWREHWUDQVIHUUHGZLWKD
FRQVWDQWSRZHUGXULQJWKDWKRXU
7DEOH±3DUDEROLF7URXJK&ROOHFWRUVSHFLILFDWLRQV
 9DOXH 8QLW  9DOXH 8QLW
:RUNLQJIOXLGRXWOHWWHPSHUDWXUH  & 5,0DQJOH  
:RUNLQJIOXLGLQOHWWHPSHUDWXUH  & $FFHSWDQFHDQJOH  
:RUNLQJIOXLGVSHFLILFKHDW  N-NJ. *HRPHWULFDOFRQFHQWUDWLRQUDWLR  
$SHUWXUHVXUIDFH  P +HDWORVVFRHIILFLHQW  :P.
0LUURUZLGWK  P 3HDNRSWLFDOHIILFLHQF\  
0LUURUOHQJWK  P 5HIOHFWDQFH  
0LUURUWKLFNQHVV  PP 7UDQVPLWWDQFH  
)RFDOOHQJWK  0   

)URP(TWKHSRZHUDWZKLFKWKHIOXLGLVKHDWHGXSLQWKHFRQFHQWUDWRULV

ηAu IAq =  

:KHUHHDFKYDULDEOHLVDVVXPHGWREHFRQVWDQWGXULQJHDFKWLPHVWHSRIPLQXWHV7KHWRWDOHQHUJ\VXSSOLHGLQ
PLQXWHVWRWKHIOXLGEuLVFDOFXODWHGDV
uu qE =  

'XULQJRQHKRXUWKHHQHUJ\WUDQVIHUUHGWRWKHIOXLGEh LQ:KFDQEHFRPSXWHGDVIROORZV


 uuuu
h
EEEEE +++=  

7KHWRWDOHQHUJ\VXSSOLHGE\WKHVRODUILHOGWRWKHIOXLGGXULQJHDFKKRXURIRSHUDWLRQLQWKHDYHUDJHGD\RIWKHPRQWK
LVVLPSO\FRPSXWHGFRQVLGHULQJWKHQXPEHURIPRGXOHVFRPSRVLQJWKHVRODUILHOG

collectorshtoth nEE =  

7KHPRGHOGHYHORSHGIRUWKLVVWXG\LVEDVHGRQWKHEDODQFHRIHQHUJ\SURGXFHGE\WKHVRODUILHOGWKHDPRXQWXVHGE\
WKHDEVRUSWLRQFKLOOHUWRVDWLVI\WKHXVHUUHTXHVWDQGWKHDPRXQWVWRUHGLQWKHYHVVHO7RHQVXUHWKHUHSHDWDELOLW\RIWKH
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
V\VWHPRSHUDWLRQIURPRQHGD\WRWKHIROORZLQJRQHWKHEHKDYLRURIWKHVWRUDJHPXVWEHF\FOLF7KHSHUFHQWDJHRI
FKDUJHRIWKHVWRUDJHLVEDVHGRQWKHHQHUJ\EDODQFHVRIWKHVRODUILHOGDQGWKHDEVRUSWLRQFKLOOHU:KHQWKHVWRUDJHLV
IXOO\ FKDUJHG DQG LW FDQQRW DFFHSW DQ\PRUH HQHUJ\ IURP WKH VRODU ILHOG SDUW RI WKH VRODU FRQFHQWUDWRUV FDQ EH
GHIRFXVHGFRQVHTXHQWO\OLPLWLQJWKHHQHUJ\SURGXFHGWRWKHDPRXQWWKDWLWLVDFWXDOO\XVHGE\WKHDEVRUSWLRQFKLOOHU
'HIRFXVLQJDOORZVWKHGHVLJQHUWRKDYHDGHJUHHRIIUHHGRPRQWKHPD[LPXPVXUIDFHRIWKHVRODUILHOGDQGLQWKH
SUHVHQWFDVHLWLVUHTXLUHGWKHPRVWGXULQJ0D\EHFDXVHRIWKHVWURQJ6XQLUUDGLDQFHDQGORZORDGUHTXHVWVHH)LJXUH
D7KHUHFDQEHGLIIHUHQWVL]LQJFULWHULD
• &DVHWKHVRODUILHOGH[WHQVLRQLVFDOFXODWHGLQRUGHUWRPD[LPL]HWKHVRODUIUDFWLRQZKLOHOLPLWLQJWKHHQHUJ\
XQH[SORLWHGE\PHDQVRIGHIRFXV7KHVL]HRIWKHVRODUILHOGLVSHUIRUPHGVRWKDWGXULQJWKHPRQWKZLWK
FRROLQJUHTXHVWIHDWXULQJWKHPLQLPXPUDGLDWLRQ1RYHPEHUWKHUHLVQRQHHGWRGHIRFXVDQ\37&7KHPRVW
OLPLWLQJIDFWRULQWKLVFDVHLVWKHVWRUDJHFDSDFLW\DQGEHFDXVHLWVH[WHQVLRQPDNHVLWQRWIHDVLEOHLQWKHSUHVHQW
FDVH LWZLOOQRWEHGLVFXVVHGLQ WKHUHVXOWV,Q WKLVFDVH WKHH[WHQVLRQRI WKHVRODUILHOG LV OLPLWHGE\ WKH
PD[LPXPVL]HRIWKHVWRUDJH
• &DVHWKHVRODUILHOGH[WHQVLRQLVFRQVWUDLQHGE\WKHGLPHQVLRQRIWKHIUHHVSDFHIRULWLVEXLOWLQWKHSUR[LPLW\
RIWKHKRVSLWDOEXLOGLQJ7KHVRODUFRQFHQWUDWRUVWKHWUDFNLQJV\VWHPWKHSLSLQJDQGWKHVWRUDJHFDQRFFXS\
DWPD[LPXPWKHVSDFHDWGLVSRVDOIRUWKHLULQVWDOODWLRQP7KHUDWLREHWZHHQWKH37&VXUIDFHDQG
WKHHIIHFWLYHVSDFHRFFXSLHGE\WKHV\VWHPLVDURXQGILYHWLPHV7KHDPRXQWRIFRROLQJORDGSURYLGHGE\
PHDQVRIVRODUHQHUJ\LVLOOXVWUDWHGLQ)LJXUHE
• &DVH  WKH VRODU ILHOG LV GHVLJQHG WRPD[LPL]H WKH UHYHQXHV IURP WKH LQFHQWLYHV JUDQWHG E\ WKH ,WDOLDQ
JRYHUQPHQW WR V\VWHPV LQFRPSOLDQFHZLWK WKHFULWHULD OLVWHG LQ7DEOHZKHUHZLWKS LVPHDQW WKH WRWDO
VXUIDFHFRYHUHG7KHLQFHQWLYHODVWVILYH\HDUV


)LJXUH(QHUJ\EDODQFHRIWKHWKHUPDOVRODUFRROLQJSODQWD±6RODUIUDFWLRQRIWKHFRROLQJORDGE\PHDQVRIGLIIHUHQWVL]LQJRSWLRQVE
7DEOH±,WDOLDQLQFHQWLYHVFKHPHIRUVRODUWKHUPDODQGFRROLQJVROXWLRQV 
7RWDODUHDFRYHUHG 6P P6P
6RODUWKHUPDOV\VWHPV ¼P ¼P
6RODUWKHUPDOFRROLQJV\VWHPV ¼P ¼P
6RODUWKHUPDOFRQFHQWUDWRUV ¼P ¼P
6RODUWKHUPDOFRQFHQWUDWRUVIRUFRROLQJV\VWHPV ¼P ¼P

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